A novel halophilic archaeon, designated strain 2b_61_3 T , was isolated from a solar saltern in Indonesia. Cells of the strain were Gram-stain-negative, motile, pleomorphic rods that formed orange-red-pigmented colonies on solid medium. The isolate grew optimally at 42-44 8C, pH 6.5-7.0, and with 2.6 M NaCl, and MgCl 2 was required for growth. Strain 2b_61_3 T had two differential 16S rRNA genes (rrnA and rrnB), and phylogenetic analysis revealed that the strain belonged to the genus Haloarchaeobius. The rrnA and rrnB sequence similarities between strain 2b_61_3 T and species of the genus Haloarchaeobius were 98.4-99.2 % and 98.5-98.8 %, respectively. The findings from the 16S rRNA gene analysis were supported by sequence analysis of rpoB9, the B9 subunit of RNA polymerase. On the basis of the phenotypic characteristics and phylogenetic analyses, as well as DNA-DNA hybridization experiments with Haloarchaeobius iranensis NBRC 110930 T
98.5-98.8 %, respectively. The findings from the 16S rRNA gene analysis were supported by sequence analysis of rpoB9, the B9 subunit of RNA polymerase. On the basis of the phenotypic characteristics and phylogenetic analyses, as well as DNA-DNA hybridization experiments with Haloarchaeobius iranensis NBRC 110930 T , strain 2b_61_3
T represents a novel species of the genus Haloarchaeobius, for which the name Haloarchaeobius baliensis sp. nov. is proposed. The type strain is 2b_61_3 T (5NBRC 110517 T 5InaCC Ar2 T ).
Extremely halophilic archaea, which belong to the family Halobacteriaceae of the order Halobacteriales, are widely distributed in various hypersaline environments. The genus Haloarchaeobius is phenotypically Gram-negative, orange-red-pigmented, mesophilic, neutrophilic, and extremely halophilic. The first described species of this genus was Haloarchaeobius iranensis, which was isolated from a salt lake in Iran (Makhdoumi-Kakhki et al., 2012) . Following this discovery, Haloarchaeobius litoreus (Zhang & Cui, 2014) and Haloarchaeobius salinus (Yuan et al., 2015) , were isolated from a solar saltern and a salt lake, respectively. With the respect to their molecular characteristics, species of the genus Haloarchaeobius possess two distinct 16S rRNA genes that differ by about 5 %. In halophilic archaea, this trait is common in some genera such as Haloarcula, Halomicrobium and Halosimplex (Ventosa, 2000; Vreeland et al., 2002; Yang & Cui, 2012) .
There are many solar salterns along the shores of Indonesia, where natural salt is produced by slightly different methods at each location on a large or small scale. Recently, an extremely halophilic archaeon, designated strain 2b_61_3 T , was isolated from a solar saltern sample in Bali, Indonesia. Phenotypic and phylogenetic analyses in this study suggested that the isolate represents a novel species of the genus Haloarchaeobius.
Sampling was carried out in September 2013 at a solar saltern in Pasinggahan, Bali, Indonesia (088 339 70 S 1158 289 440 E). A mixture of brine and sediment (28 8C and pH 6.5) was used as the inoculant, and the microbial isolation and purification procedures were performed at 30 8C on basal medium supplemented with (per litre): 1.7 g cellobiose, 1 g sodium glutamate and 1 g trisodium citrate. (Mori et al., 2008a) . Agar (2 %, w/v) was used to solidify the medium if necessary, and the pH of the medium was adjusted to 7.2 with NaOH. After incubation for 2 weeks, small red colonies were observed, and a pure isolated strain, designated strain 2b_61_3 T , was obtained by repeated colony pick-up.
The halophilic archaeal strains, Haloarchaeobius iranensis NBRC 110930
T and Haloarchaeobius litoreus NBRC 110972 T , were selected as reference strains for the characterization of the novel isolate. These reference strains were routinely grown at 37 8C in the basal medium
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA (rrnA and rrnB) and rpoB9 gene sequences of strain 2b_61_3
T are LC061269, LC061270 and LC061271, respectively. supplemented with 0.1 g Bacto Yeast Extract, 0.1 g Bacto Casamino Acids and 1.8 g glucose.
Cells of strain 2b_61_3
T were Gram-negative (conventional Gram staining), catalase-positive (Holding & Collee, 1971) , and oxidase-positive (cytochrome oxidase paper; Nissui Pharmaceutical). The cellular morphology was that of motile pleomorphic rods (0.4-0.7 mm wide and 0.8-4.2 mm long) under optimum growth conditions (Fig. S1 , available in the online Supplementary Material), and colonies were orange-red. Strain 2b_61_3 T could hydrolyse starch but not casein or gelatin (Oren et al., 1997) . Enzyme activities were tested and identified by using the API ZYM system (bioMérieux) at 40 8C; the strain showed positive reactions for alkaline phosphatase, esterase (C4), esterase lipase (C8), a-chymotrypsin, acid phosphatase, and naphthol-AS-BI-phosphohydrolase. The antimicrobial susceptibilities of strain 2b_61_3
T were determined in liquid medium containing antimicrobial compounds (mg l 21 , unless otherwise indicated), and the strain was shown to be sensitive to anisomycin (35), chloramphenicol (30), erythromycin (25), nitrofurantoin (50), novobiocin (25) and rifampicin (25). Strain 2b_61_3
T was resistant to ampicillin (25), gentamicin (25), kanamycin (25), nalidixic acid (30), neomycin (30), penicillin G (10 U), polymyxin B (100 U) and streptomycin (25).
The optimum NaCl and MgCl 2 concentrations, temperature and initial pH for growth were determined by examining the time-course of optical density changes (temperature gradient incubator with a bio-photorecorder, model TN-2612; Advantec) in the isolation medium with the following modifications. The NaCl concentration range for growth was examined at 35 8C. The MgCl 2 concentration range was determined in medium without MgSO 4 . 7H 2 O but supplemented with 0.2 M Na 2 SO 4 and 0-1 M MgCl 2 . 6H 2 O at 35 8C. The temperature range was tested in medium modified to 2.6 M NaCl concentration. The initial pH range was tested in medium modified to 2.6 M NaCl concentration at 40 8C, and the pH of the medium was adjusted with 50 mM MES (for pH 5-7), 50 mM HEPES (pH 7-8) or 50 mM TAPS (pH 8-9). Results are shown in Fig. S2 .
Strain 2b_61_3
T grew optimally in medium containing 2.6 M NaCl, and growth was observed at 1.7-5.1 M NaCl concentration range. MgCl 2 was required for growth, with optimum growth occurring in the presence of 0.25 M MgCl 2 . The isolate was able to grow at 20-48 8C, with optimum growth being at 42-44 8C. The pH range for growth was pH 5.5-9.0, with optimum growth being at pH 6.5-7.0. The specific growth rate and doubling time under the optimum growth conditions were 0.38 h 21 and 18.3 h, respectively.
The utilization of different energy and carbon sources was determined by measuring the optical density (OD 660 ) of the culture during incubation at 42 8C. As a sole carbon and energy source, various substrates were added to the modified basal medium (with 2.6 M NaCl) supplemented with 50 mM HEPES (pH 7.0). Acid production was T was unable to grow under anaerobic conditions using nitrate, DMSO or trimethylamine N-oxide (TMAO) together with glucose. In the growth test with nitrate, formation of nitrite was assessed colorimetrically (Hewitt & Nicholas, 1964) , and the result was negative. Anaerobic growth with L-arginine was not observed.
Genomic DNA was extracted by using a previously described procedure (Mori et al., 2000) . The G+C content of the genomic DNA was determined by HPLC, using a Shodex ODS pack F-411 (Showa Denko), after nuclease P1 treatment using a DNA-GC kit (Yamasa Shoyu) followed by alkaline phosphatase treatment (Kamagata & Mikami, 1991) . The equimolar nucleotide mixture in the DNA-GC kit was used as a reference for quantitative analysis. The G+C content of the genomic DNA of strain 2b_61_3 T was 67.2 mol%. Respiratory quinones were extracted from the cells by using a previously described protocol (Nakagawa & Yamasato, 1993) and analysed with an LCMS-QP 8000alpha spectrometer (Shimadzu).
T contained mainly menaquinone-8 (95 % of total quinones), with menaquinone-8(H 2 ) detected as a minor quinone (5 % of total quinones). The polar lipids of strain 2b_61_3
T and Haloarchaeobius iranensis NBRC 110930
T were extracted and examined by twodimensional TLC by using a previously described method (Hamada et al., 2010) , and the patterns were visualized by spraying the TLC plates with 5 % phosphomolybdic acid, Dittmer-Lester reagent (Dittmer & Lester, 1964) , Schiff reagent and anisaldehyde. Phosphatidylglycerol, two phospholipids and three glycolipids were detected from strain 2b_61_3 T , and the pattern was chromatographically identical to that of Haloarchaeobius iranensis NBRC 110930 T (Fig. S3) .
The 16S rRNA genes for strain 2b_61_3 T were amplified using primers Ar0023mLF and Ar1530R (Mori et al., 2008b) , and the amplified products were sequenced using a previously described method (Mori et al., 2008a) . Because several different types of 16S rRNA genes were detected from the novel strain, sequencing was performed after the cloning procedure by using the pT7Blue T-Vector (Novagen) and DNA ligation kit version 1 (Takara). Phylogenetic trees based on almost-complete 16S rRNA gene sequences were reconstructed with the neighbour-joining method using the CLUSTAL X program (Saitou & Nei, 1987; Thompson et al., 1997) and the maximum-likelihood method using the NucML program in the MOLPHY package (Adachi & Hasegawa, 1995; Hasegawa et al., 1985; Mori et al., 2003) after alignment using ARB software (Ludwig et al., 2004) . Two different 16S rRNA gene sequences (denoted rrnA and rrnB) were obtained from strain 2b_61_3
T with a sequence similarity of 94.4 %. The BLAST search indicated that strain 2b_61_3 T belonged to the genus Haloarchaeobius. The neighbour-joining tree reconstructed on the basis of the 16S rRNA gene sequences of the isolate and relatives is shown in Fig. 1a . The topology of tree reconstructed using the maximum-likelihood method (Fig. S4a ) was similar to that reconstructed using the neighbour-joining method. The closest neighbour was Haloarchaeobius iranensis IBRC-M 10013 T with 99.2 % and 98.8 % similarities for rrnA and rrnB sequences, respectively. The sequence similarities between strain 2b_61_3 T and type strains of species of the genus Haloarchaeobius were 98.4-99.2 % for rrnA and 98.5-98.8 % for rrnB.
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Haloarchaeobius baliensis 2b_61_3 T (LC061271) The rpoB9 (B9 subunit of RNA polymerase) gene for strain 2b_61_3
T was amplified and sequenced by using a previously described procedure (Minegishi et al., 2010) . A phylogenetic tree based on rpoB9 gene sequences was reconstructed with neighbour-joining and maximum-likelihood methods after alignment using the CLUSTAL X program (Fig. 1b and Fig. S4b) . The topologies of trees reconstructed using the two methods were very similar. The rpoB9 sequence similarities between strain 2b_61_3 T and the type strains of Haloarchaeobius iranensis, Haloarchaeobius litoreus and Haloarchaeobius salinus were 96.2 %, 96.2 % and 97.2 %, respectively. A phylogenetic neighbour-joining tree based on the deduced RpoB9 amino acid sequences was also reconstructed, and the topology was similar to that based on the gene sequences (data not shown). The RpoB9 amino acid sequence similarities between strain 2b_61_3
T and the type strains of Haloarchaeobius iranensis, Haloarchaeobius litoreus and Haloarchaeobius salinus were 98.9 %, 99.3 %, and 99.3 %, respectively.
Characteristics of strain 2b_61_3
T and the type strains of species of the genus Haloarchaeobius are summarized in Table 1 . Phylogenetic analysis based on the 16S rRNA genes revealed that strain 2b_61_3 T belongs to the genus Haloarchaeobius, which was supported by the analysis based on the rpoB9 gene. In phenotypic features, the isolate clearly differed from known species of the genus Haloarchaeobius in the following characteristics: (i) the optimum temperature for growth of strain 2b_61_3
T was highest among the species of the genus Haloarchaeobius; (ii) strain 2b_61_3 T significantly differed from Haloarchaeobius iranensis with regard to the optimum NaCl concentration for growth; (iii) although Haloarchaeobius litoreus and Haloarchaeobius salinus were able to grow under anaerobic conditions with DMSO/nitrate, strain 2b_61_3
T was strictly aerobic; and (iv) the utilization of substrates as single energy and carbon sources was clearly different from other species of the genus Haloarchaeobius. Furthermore, DNA-DNA hybridization experiments (Ezaki et al., 1988 (Ezaki et al., , 1989 between strain 2b_61_3
T and Haloarchaeobius iranensis NBRC 110930 T (closest relative to strain 2b_61_3 T in phylogenetic analysis of 16S rRNA gene sequences), showed DNA-DNA relatedness values of ,42 %, strongly suggesting that strain 2b_61_3
T should be classified as a different species of the genus Haloarchaeobius. Thus, based on the phylogenetic position as well as phenotypic characteristics, strain 2b_61_3
T represents a novel species of the genus Haloarchaeobius, for which the name Haloarchaeobius baliensis sp. nov. is proposed.
Description of Haloarchaeobius baliensis sp. nov.
Haloarchaeobius baliensis (ba.li.en9sis. N.L. masc. adj. baliensis pertaining to the island of Bali, Indonesia). (Zhang & Cui, 2014) ; 4, Haloarchaeobius salinus YC82 T (Yuan et al., 2015) . +, Positive; 2, negative. Acid is produced from D-glucose, maltose, trehalose, sucrose, cellobiose, glycerol and starch. Grows at 20-48 uC (optimum 42-44 uC) and pH 5.5-9.0 (optimum pH 6.5-7.0). The NaCl concentration for growth ranges from 1.7 to 5.1 M, with an optimum at 2.6 M. MgCl 2 is required for growth and the optimum concentration is 0.25 M. Menaquinone-8 is the major respiratory quinone, with menaquinone-8(H 2 ) detected as a minor component. The cells possess phosphatidylglycerol, two phospholipids and three glycolipids as polar lipids.
The type strain, 2b_61_3 T (5NBRC 110517 T 5InaCC Ar2 T ), was isolated from a solar saltern in Pasinggahan, Bali, Indonesia. The genomic DNA G+C content of the type strain is 67.2 mol%.
